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This paper deals with a real-scale fire test carried out in
1974 on an industrial hall on precast concrete members,
erected specifically for this test. A team of researchers and
specialists in this field had done extensive preliminary
investigations into the temperature curves to which this
building would be subjected. Fifteen precasters cooperated
in the project and manufactured the different components
for the building.
The full-scale experiment was performed to gain knowl-
edge on the behaviour of precast concrete structures dur-
ing an actual fire. In those days (1970s), precasters were
required to perform fire tests on structural members to
prove a fire resistance of at least two hours. For cast-
in-place concrete, this was not required. Its fire resistance
could be assessed by analytical methods, or by means of
appropriate tabulated values for the relevant parameters.
These latter methods appeared to yield more favorable
results than fire tests so that the fire resistance was overes-
timated. This placed precasters in a disadvantageous posi-
tion.
The scientific test of the prefabricated structure, erected
with commercially available components and their actual
connections, with realistic loads, under completely con-
trolled fire conditions, was to yield information concerning:
n The general assumption that prefabricated structures
offer very good fire resistance, which appears to be sub-
stantially higher than the fire resistance achieved by indi-
vidual components during laboratory tests
n The influence of a series of parameters on the behaviour
of the component in fire
n The influence of certain factors that cannot be examined
during a fire test in a laboratory, but can be important
for the resistance of the structure, e.g. the thermal
deformations
n The comparison of the fire resistance of a series of com-
ponents in a real fire and the results of laboratory tests
on similar components submitted to a standardized
temperature evolution
n The fire itself: maximum temperature, spread of temper-
ature in the different parts of the building, and the influ-
ence of air supply
Description of the building
The building measured 12 m x 18 m in plan, had a clear
height of 6 m under the roof girders and consisted entirely
of precast concrete components. The skeleton consisted of
three-portal frames, each with two columns (cross-section
400 mm x 400 mm), with a girder that supported the roof.
The columns were anchored in the foundations.
The type of concrete, the reinforcement and the concrete
cover were the most important parameters. These parame-
ters were combined in such a way that their influence
could be examined separately.
The prestressed concrete roof girders had a span of 18 m;
the girders that had to support the intermediate floor, a
span of 6 m. The roof was constructed of components of
different types of concrete: normal-density concrete (NC),
light-weight concrete (LC) and cellular concrete (CC). In
order to consider as many parameters as possible, the walls
were also composed of different types of precast compo-
nents: two masonry walls were constructed of concrete
blocks (types NC, LC and CC); two were made of CC and
LC wall units.
Inside the building, at half-height, a number of floor com-
ponents were subjected to loading. These components
were supported by girders of different type, or by a
masonry wall. The wall was part of a small closed cell inside
the building that was exposed to the fire, as well on the
inside and on the outside.
All components used in the test were standard products.
The windows and light-domes were placed in such a way
as to give the fire the opportunity to develop in a realistic
way.
A team of researchers and specialists in this field had done
extensive preliminary investigations into the temperature
curves to which this building would be subjected. Wood
was selected as fuel. Two preliminary tests were carried out
to determine the amount of wood that had the biggest
chance to reach the high temperatures, in accordance with
ISO Standard 834, over a sufficiently long time. The total
amount of wood used was 27 tons: 125 kg/m2, sawn into
small beams, loosely stacked and dried.
Measurements during the fire
A total of 71 thermocouples (Ni-NiCr) were installed inside
and on the surface of the precast concrete components
and inside the building along 5 vertical lines at levels of
0.1 m, 1.5 m, 3.0 m, 4.5 m and 6.0 m.
Four cameras were placed at a height of 8 m, to get an
overview of the complete building. Displacements were
measured on six points by means of a series of leveling
instruments.
Development of the fire
Ignition of the wood stacks took about 2 minutes. After 
20 minutes of fire ignition, enormous smoke clouds could
be observed. Opening of the doors and stirring up the fire
by means of four fans was not sufficient for obtaining a
fully developed fire. It was only after 34 minutes, when the
light-domes had failed, that the fire developed fully (flames
escaping through the roof), and the inside temperature
reached the level of the ISO curve. From that moment, the
fire rate was roughly controlled by closing and opening the
doors. It was found that despite the very high amount of
fuel used and the ventilation of the building, the heating
curve of ISO standard 834 was followed only during 1 h 
15 min (period between about 20 and 95 minutes in Fig. 1).
Reliable measurements were at that point no longer avail-
able, as some of the thermocouples had fallen into the
layer of burning charcoal; others had been interrupted due
to mechanical problems. The fire extinguished itself after
120 minutes for lack of fuel.
Several of the precast members were provided with ther-
mocouples on the inside and on the surface. The results of
the measurements obtained on two of these components
are briefly discussed in the full paper.
Observations and measurements 
made after the fire
After the fire, the building was examined to determine the
behavior of each component during the experiment. It
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appeared that only a limited number of roof units of small-
er thickness had behaved less favorably than the other
components. All of the different types of walls had
remained intact during the fire, without substantially
reducing their mechanical characteristics. On the columns,
most damage occurred to the light-weight concrete
columns, due to spalling. 
After the fire test, the building was dismantled. A few com-
ponents (the most severely damaged) were selected and
subjected to a series of tests.
These tests can be classified in three series:
n Series A aimed at a fairly complete analysis of the com-
ponents after the fire: static tests until failure, residual
prestress, material characteristics of concrete and rein-
forcement, chemical analysis of the concrete;
n Series B looked into the possibilities of repairing the
components that were damaged in the fire, and their
structural behaviour after the repair;
n Series C included only the determination of material
characteristics of the different types of concrete and
reinforcement used.
Based on the static loading tests performed on a number of
members taken from the building, it appears that these
members still showed a reasonable safety margin. By
repairing the damaged concrete, the safety level could
again be raised up to normal values. This means that,
although the fire did cause damage, the structural mem-
bers could generally be reused after proper repair.
The prestressing steel showed a decrease in tensile strength
of 15%. Measurements indicate a considerable loss of pre-
stress. 
An extended description of the tests carried out on differ-
ent members after the fire will be the subject of further
publications.
Conclusions
n The structural behaviour of the building was judged to
be satisfactory, as no major collapse had occurred. The
fact that the building did not show significant damage is
partly attributed to the fact that the loadbearing mem-
bers were statically determined.
n The horizontal thermal displacements at roof girder level
ranged at about 40 mm. However, this jeopardized nei-
ther the connections between the components, nor the
stability of the building.
n The results obtained with this experimental fire were
much more favourable than the results from the tests
performed on individual components under laboratory
conditions. Apart from the observation that the thermal
attack had not been as severe as specified, the fact that
the different components were not separately exposed
to the fire has certainly contributed to this favourable
result. 
n The very heavy fire load resulted in a fully developed fire
for a period of about 1 hour and 15 minutes, following
an initial heating period of about 20 minutes. Based on
the above, the conclusion can be drawn that in reality it
is almost impossible for a fire to last for two hours in the
same compartment, while in a test performed under
laboratory conditions, the fire is maintained for two
hours under the most unfavourable loading conditions.
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